Introduction
Cholera is an epidemic-prone diarrheal disease of global significance. The disease is endemic in Kenya and the country experienced large, widespread outbreaks in 1997-1999 and in 2007-2010 [1] . Between 2011 and 2014 there was a dramatic decrease in the number of reported cholera cases in Kenya. However, in 2015 cholera re-emerged in Kenya and it remains a serious threat to public health. A number of epidemiological investigations have been published on cholera outbreaks in Kenya [1] [2] [3] [4] [5] [6] [7] [8] [9] . Identified risk factors include: water, sanitation and hygiene factors; childhood age; lack of knowledge about cholera; proximity to a large body of water; and limited availability of healthcare facilities, oral rehydration solution and intravenous fluids. Poverty, living in a refugee camp and rainfall/flooding have also been implicated as risk factors for cholera in studies outside of Kenya [10] [11] [12] . Cholera surveillance and response in Kenya is guided by the Integrated Disease Surveillance and Response (IDSR) strategy. The IDSR technical guidelines require case-based reporting of cholera within 24 hours of detection, and health facilities submit weekly disease summary reports that include data on cholera [13] . Surveillance data on cholera and other priority diseases is compiled at national level by the Ministry of Health and disseminated in a weekly epidemiological bulletin. Safe drinking water and basic sanitation are essential to preventing diarrheal diseases like cholera. A large portion of the population in Kenya lacks access to an improved water source or an improved sanitation facility. Between 1990 and 2015, the percentage of the overall population that used improved drinking water sources increased from 43% to 63% [14] . In urban areas, however, the percentage of population using improved water sources actually decreased from 92% to 82% during the same period. Only modest progress has been seen in Kenya with respect to sanitation. The percentage of the population using improved sanitation facilities increased from 25% in 1990 to 30% in 2015. 
Methods
The investigation was based on a cross-district analysis of cholera occurrence. The primary outcome examined was the number of cholera cases at the district level. The time period of the study, Table   2 for the 137 districts that were included in regression analyses. Univariate analysis using ZINB regression models suggested a statistically significant association (p < 0.05) between cholera occurrence and each of the factors investigated except for percentage of population living in urban areas. In Table 3 living in urban areas was the only factor that was a statistically significant predictor of zero inflation on its own and was therefore used in the zero inflation portion of the model. This factor had a negative relationship with zero inflation, suggesting that districts with a lower percentage of population living in urban areas had a higher probability of excess zeros (that is, not reporting cases).
Discussion
The results of this study suggest that districts in Kenya with a
higher prevalence of open defecation are at higher risk of cholera.
To the best of our knowledge, this is the first study to show an This study also found an inverse relationship between cholera occurrence and use of an improved water source, suggesting a protective effect of improved water sources. This is similar to a finding by Leidner et al of a statistically significant relationship between cholera incidence and access to improved water sources [19] . An earlier study in Kenya, however, found no significant relationship, in multivariate analysis, between cholera incidence and the percentage of population without a piped water supply, which is one type of improved water source [9] . Access to improved water The results of this study suggest that cholera burden is also associated with poverty. Other studies have found this association as well [11, 12] and cholera is often referred to as a disease of poverty. This study did not attempt to investigate mechanisms by which poverty may influence cholera risk, but it was noted that poverty and open defecation are highly correlated in Kenya. An
Page number not for citation purposes 5 unexpected finding of this study was the higher adjusted number of cholera cases in districts with a higher number of health facilities per 100,000 people since it was anticipated that access to health facilities would reduce the spread of cholera. Possible explanations for this finding include a higher probability of detecting and reporting cholera cases in districts with a greater number of health facilities per population, cholera transmission may be occurring within health facilities, or there may be limitations in the data. This study did not find an association between cholera occurrence and population density or percentage of population living in urban areas.
This supports similar results related to population density from a previous study in Kenya [9] . Observed patterns of cholera occurrence in Kenya indicate that cholera affects both urban and rural areas, including the most densely populated and least densely populated regions. This study also did not find an association between cholera occurrence and education. It is difficult to draw conclusions from this finding, however, given the high degree of colinearity that was observed between education, open defecation and poverty. This study is subject to several limitations. One is potential regional variations in surveillance capacity that could affect the quality of cholera surveillance data. This study attempted to mitigate potential variability in reporting across districts by using cholera data over several years. There is some uncertainty in population figures used in this study. The 2009 census noted anomalies in population figures for several districts in northwestern and northeastern Kenya. There is an inherent limitation in the fact that the relational nature of this study does not prove or disprove causality between the independent and dependent variables. More detailed case-control studies or individual case investigations would be necessary to establish causes of cholera outbreaks. There is also an inherent limitation in the unit of analysis for this study. Data were analyzed at district level, yet it is recognized that differences in cholera risk exist at much smaller geographic units.
Conclusion
Despite economic progress and improvements in a number of health  This study suggests that despite the recent economic progress achieved by Kenya, expanded access to improved water sources and sanitation is still needed to prevent cholera outbreaks in the future.
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